Lessons learned from the development of oral calcitonin: the first tablet formulation of a protein in phase III clinical trials.
Oral delivery of proteins has been hampered by an array of difficulties. However, promising novel oral delivery systems have been developed. 5-CNAC, formulated with the peptide salmon calcitonin, is in phase III clinical trials for the treatment of osteoporosis or osteoarthritis and could become the first marketed oral peptide. This article reviews key findings and implications from studies undertaken to date with this oral formulation. Findings include these: (1) the optimal calcitonin tablet dose is 0.8 mg; (2) 0.8 mg of oral calcitonin is rapidly absorbed, reaching maximum concentration in 15 to 30 minutes, and is eliminated from plasma with a short half-life-9 to 15 minutes; (3) the 0.8-mg tablet is more highly absorbed than the marketed nasal formulation, with biomarker levels indicating significantly greater efficacy in suppression of bone resorption; (4) drug absorption is increased with dosing at least 10 minutes before a meal rather than postprandially and also with 50 mL of water; (5) the optimal timing of dosing for osteoporosis therapy is in the evening to mitigate the circadian peak in bone resorption; and (6) the oral formulations of synthetic and recombinant calcitonin have similar pharmacokinetic and pharmacodynamic properties. These key findings may aid researchers in the development of other oral formulations.